This research aims at investigating elementary school student achievement based on the use ofscientific method in teaching science from the test item types, as reflected by the item difficulty indexusing the classical test theory (CTT) and modern test theory (IRT). The first stage in developing the test was preparing the learning continuum of scientific method aspects by referring to the learning continuum of science process skill as developed by the previous existing research. In this research, the learning continuum was validated by expert judgment. As the tests were administered/carried out at the same time, four sets of tests were developed and administered to students of Grade 1 to 6 in Yogyakarta and Sleman Regency in the 2016-2017 school year. Samples were taken from three Technical Management Units (TMUs). Three TMUs were determined by observing the distribution of school locations from the center to the suburbs. The items were analyzed using CTT and IRT.The results of the research show that the student achievement reflected by item difficulty index based on CTT and IRT indicates the same level of category except for several sub-aspects. Those items from certain testsindicate higher difficulty level for Grade 4 to 6 students than for Grade 1 to 3 students. This case is not relevant to the expected learning outcomes.
INTRODUCTION
An inquiry has become the heart of science education reform. Despite its prevalence in school and policy rhetoric, the term remains quite ambiguous. Generally, an inquiry becomes conflated with the scientific method, taught as a series of steps ranging from asking a question to drawing conclusions (Tang et al., 2010) . According to Zeidan & Jayosi (2015) , science education is aimed at teaching students how to get involved in an inquiry. Science process skills are a necessary tool to produce and use scientific information, to perform scientific research, and solve problems. The integration of explicit, reflective instruction about the nature of science (NOS) and scientific inquiry (SI) in traditional science content is addressed as a means through which the development of scientific literacy is fostered (Lederman et al., 2013) .
For science instruction to be productive, teachers should consider physical and mental skills to generate and test reliable knowledge and generalization. In learning science, the process skills include observing, measuring, classifying, inferring, predicting, hypothesizing, identifying variables, experimenting and interpreting data. Generally, these are processes carried out by scientists during investigations.The aim of this approach is for pupils to learn and obtain an understanding through the development of their own ideas. Therefore, the teaching method that should be adopted for the teaching of science must be carefully considered and should encourage the development of science process skills by the learners. The attention of many science educators has continued to be directed at searching for such appropriate methods of science teaching (Nweke et al., 2014) . In Biology learning, highschool biology students meet authentic science regarding their participation in a science outreach programme (Tsybulsky et al., 2019) .
Science Learning depends on the kinds of strategies used by teachers. For example, projectbased learning and demonstration strategies of teaching are potent in increasing student achievement. Through project-based learning, students can be motivated to explore, negotiate, interpret, and create in collecting data using the scientific method and formulating the concepts (Olatoye & Adekoya, 2010) .There are many factors which influence student achievement. Those factors, according to Beyessa (2014) , include parental involvement, peer pressure, schools support and other stakeholders' commitment to improving students' science education. Moreover, the lack of laboratory chemicals, rooms, apparatuses, technicians and well-organized laboratory manuals negatively affect the effective implementation of science education and students' academic achievement.
The implementation of the scientificmethod in teaching science may become a research method. For example, Çaparlar & Dönmez (2016) implemented scientific research forthe purpose of contribution towards sciencethrough systematic collection, interpretation,and evaluation of data in a planned manner. Therefore, students should be taught scientific methods so that they can master research methods.
One of the main issues in classroom assessment is the application for diagnostic and formative purposes. In diagnosed student learning, misconceptions are one of the big issues. Misconceptions may occur because students try to comprehend their previous experiences based on their interactions with their environment (Cañada et al., 2017) . Thus, misconceptions on scientific knowledge can be identified if the measurement is not associated with the learning process which has just taken place. In this case, for the Natural Science subject at elementary school, the tests must measure student achievement onthe scientific product (scientific knowledge) and process skills (scientific methods aspects). If this is implemented, the result of the assessment can be used to improve learning. This is relevant with Black et al. (2004) who suggest that an assessment for learning should be interpreted as the teachers' effortsin improving students' learning by utilizing different assessment results, i.e. assessments which are carried out from time to time, from meeting to meeting, and from day to day. Therefore, it is called a mechanism of assessment for learning because the results of measurements on the achievement of scientific knowledge are used as an input for learning.
The cognitive aspects developed in the 2013 Curriculum refer to the principles of Bloom's taxonomy as proposed by Anderson & Krathwohl (2001) . These principles explain that scientific knowledge consists of facts, concepts, and procedures (factual, conceptual, and procedural knowledge). In science, the achievement of procedural knowledge is essential because it enables students to practice scientific procedures.
The scientific method is the process by which scientists conduct investigations to produce scientific products (Carin & Sund, 1989) . LeBoffe & Wisehart (1989) state that the scientific method is a science process skill which is systematically arranged to solve a problem. In regards to the scientific process and scientific attitude, scientists discover scientific products such as facts, concepts, and new principles in science (Carin & Sund, 1989) . Scientific procedures consist of stages of (a) identifying problems; (b) gathering facts and information; (c) designing investigations; (d) reporting the results; (e) repeating investigations/ experiments; (f) checking the results; and (g) drawing conclusions (Belardo & Samia, 1999) . The science teaching process to 15 years-old students must encourage them to design and carry out investigations, create data, and interpret the data (Watts et al., 1989) . Therefore, teaching scientific procedures to the students must be performed in stages. Bryce et al. (1995) state that scientific methods consist of a number of basic and process skills that will produce investigative skills when they are arranged into systematic stages. According to Rezba et al. (2007) , science process skills are basic skills. When they are integrated, they will generate integrative skills in the form of scientific methods. According to Bryce et al. (1995) , the aspects of basic skills consist of some sub-aspects skills,namely (a) observing using senses; (b) recording data/ information; (c) following instructions; (d) classifying; (e) measuring; (f) manipulating movements; (g) implementing procedures and using equipment; and (h) predicting. Meanwhile, process skills include sub-aspect skills of (a) inferencing and (b) selecting procedures. However, Subali (2009) has indicated that the sub-aspect of "predicting" should be classified in the aspect of process skills. Moreover, Subali (2009) adds that skills of conducting investigation include the sub-aspect skills of (a) planning investigation; (b) conducting investigations; and (c) reporting the findings either in the written or spoken form.
According to Wenning (2010) , there are six levelsof inquiry: (a) discovery learning (developing concepts on the basis of first-hand experiences, introducing terms); (b) interactive demonstration (eliciting, identifying, confronting, and resolving alternative conceptions); (c) inquiry lesson (identify scientific principles and/or relationships); (d) inquiry labs (establishing empirical laws based on measurement of variables; (e) realworld applications (applying prior knowledge to authentic problems); and (f) hypothetical inquiry (deriving explanations for observed phenomena). The skills were developed by discovery learning as the lowest level inquiry.They belong to rudimentary skills which includeobserving, formulatingconcepts, estimating, drawing conclusions, communicating results, and classifying results. Arlianty et al. (2017) state that the scientific method was firstly introduced in the United States in educational science in the 19th century by emphasizing the laboratory formalistic methods which direct scientific facts. The scientific method has the characteristic of "hands-on science." This method enables teachers and curriculum developers to improve the learning process. According to McInerney (1986) , The Biological Science Curriculum Study was established in 1958 as a non-profit corporation which is responsible to restructure the Biology Curriculum. The results were initially introduced in 1970 entitled "The Antiquated Content of the Biology Courses in High School" with more experimental, quantitative content. Moreover, the designed materials promoted the teaching of science as a process of investigation and inquiry, rather than in a simple and holistic manner as a body of knowledge.
In Indonesia, the scientific method in the teaching of science should be introduced to learners as early as possible.This has been stated in the 2013 Curriculum for Natural Science subject inthe elementary school level.Since it consists of a series of complex scientific process, its teaching must be carried out little by little, aspect by aspect, and even sub-aspect by sub-aspect. Thus, teaching the scientific method to elementary school students means teaching the students to acquire every aspect and sub-aspect of science process skills.
The tests for measuring the student achievement based on the scientific method teaching may take form as a performance test in the form of work sample tests and paper-pencil/written test. A paper-pencil test can measure the achievement of students' cognitive skills in the scientific method. This is one aspect that must be measured to examine student achievement based on the use of scientific method in teaching science. This study intends to investigate the status of elementary school student achievement based on scientific method, in relation to the test item types as reflected by item difficulty indexes based on the classical test theory (CTT) and modern test theory (IRT). The first stage in developing test was preparing the learning continuum of scientific method aspects by referring to the learning continuum.
A good test development ideally refers to a learning continuum (Northwest Evaluation Association, 2001) so that it can measure the students' skills. The learning continuum is also called a learning trajectory. It refers to student ability which ranges from the lowest to the highest ability related to the complexity and difficulty of content knowledge. A number of studies have discussed the topic of how to develop a written test,such as those by Millard (2012 ), Miller (2008 , Popham (2005) , Gronlund & Linn (1990) , Gronlund (1998) , as well as Roid & Haladyna (1982) . Meanwhile, research on test types has been performed by Luo and Zhang (2011) . In addition, Shete et al. (2015) conducted research on item analysis for evaluating multiple choice questions in a physiology examination.
In constructing a test, one must consider the use of language. Sumantri & Satriani (2016) find that most teachers agree that communication in the process of teaching and learning is very important to improve students' understanding. Effective communication increases students' understanding of the topics being taught, which enables them to overcome high-level problems correctly. Effective language is important in the construction of test items so that students can understand the questions easily. Non-standard test items are more difficult for students to answer correctly than the standard test items, as it provides no enhanced ability to discriminate between higher and lower-performing students, resulting in poorer student performance. With regard to this, item-writing guidelines should be taken into account during test construction (Caldwell & Pate, 2013) .
In some studies compiled by Ulu (2017) , the procedural knowledge may be insufficient in first-time situations, and contextual knowledge is needed for such situations. With regard to this, when the measurement of the achievement of the scientific method is taken, its success may rely on the testee's experience in applying the scientific method and context encountered when they utilize a scientific method.
The quality of the test must meet the theoretical validity viewed from the aspects of construct validity, content validity, and empirical validity. In this case, validity can be viewed from classical test theory (CTT) and modern test theory/Item Response Theory (IRT). The application of modern test theory for analyzing test items has been carried out by Le (2013) .
According to Le (2013) whoreferred to Osteen, IRT is considered as the standard validity test. A lot of testing programs still refers to CTT in their design and assessment of test results. This is due to some advantages of CTT over IRT. For example, CTT explains the relationship between the true score and observed score in a linear fashion which makes the CTT model easy to understand and is applicable for a lot of researchers. CTT also offers smaller sample sizes which are smaller than IRT. Compared to IRT, CTT's mathematical procedures are much simpler. In CTT, parameter estimation is conceptually straightforward and requires minimum assumptions,making the model useful and widely applicable. CTT analyses do not need strict goodness of fit studies like that of IRT. However, CTT has somemain weaknesses. One of them is that the test scores rely on the testees. It means that the examinees can get a better score on easier tests and bad scores on difficult tests. Thus, there is no real score which can be extracted because there is no information about the examinees' abilities. This does not allow the test items to matchwith ability levels. By using IRT, the children's ability level and item difficulty index can be plotted in a single line using a logit scale. Thus, the difficulty level of the items can be compared to the ability of the testee. Meanwhile, CTT item difficulty level cannot be compared to the student's ability (Wright, 1999; Wright & Masters, 1982) .
Research on the empirical characteristics of items that attempts to compare CTT and IRT approaches has been widely performed. For instance, Stage (2003) conducted a research on the experience of using CTT and IRT among Swedish examinees. Petrillo et al. (2015) carried out research on utilizing the measurementtheories of CTT, IRT, and Rasch to evaluate the results of patience measurement. Thorpe & Favia (2012) conducted research on the data analysis using IRT methodology for selected programs and applications. Zoghi & Valipour (2014) conducted a study on the comparison of CTT and IRT to predict an item test parameter in linguistics tests. The research investigating the characteristics of items viewed from the characteristics of classical and modern tests theory in relation to scientific method or science process skills have been performed by Pada et al. (2016) .
The achievement scientific method can be measured by performance testas well as by paper-pencil or written performance test. The problem in developing an achievement test on scientific methods is the extent to which the written performance test of scientific achievement methods influences the characteristics of the test type based on CTT and IRT. In this case, the problems are (a) whether the multiple choice test with two options has a different difficulty index from those with three options based on CTT and IRT; (b) whether the difficulty index of the analysis performed using CTT is the same as that using IRT; and c) whether the items of a true-false test type have different characteristicsbased on CTT and IRT when the answers are opposite (if a statement is categorized as true in a true-false test of A model, the statement in B model is changed into the false category). Therefore, the aim of this study was to explore studentachievement based on the use of scientific method in teaching science, as reflected on the item difficulty indices and the test item types, without investigating the learning performance in the classroom. In that regard, this study attempts to analyze the problems in the use of scientific method in the teaching and learning process using to improve its quality in future teaching and learning process.
METHODS
The test was designed by developing the learning continuum of the scientific aspects method based on the learning continuum of science process skill developed by Subali & Mariyam (2013) and validated by eight (8) experts on Natural Sciences Education from Universitas Sebelas Maret Surakarta and Universitas Negeri Yogyakarta.
The population of this study was elementary school students in Yogyakarta and Sleman Regency in the 2016-2017 school year. The sample consisted of two Technical Management Units (TMUs) in Yogyakarta and one TMU in the Sleman Regency, i.e. TMU of Kalasan sub-district. Three TMUs werechosen by observing the distribution of school locations from the center to the suburbs. They were northern Yogyakarta TMU in the center, eastern Yogyakarta TMUextendingto the suburb, and Kalasan district TMU which was partly located in the countryside. Among those three TMUs, 13 elementary schools were taken from each as samples which were categorized intolow, medium, and high level of performance based on the assessment of the supervisors. Then, one class from Grade 1 to Grade 6 was taken from each school. If a school had a parallel class, all the parallel classes in the school were taken as samples. Thus, each TMU consisted of 78 classes. Therefore, the total samplewas 234 classes, in which the number of students for each class ranged from 20 to 30 students. This sample was expected to represent the hypothetical population of the students which may be relevant to another province with the same characteristics. This number of sample was also expected to meet the requirement for testing, which was analyzed using the Graded Model in which the minimum number of examinee required for research is 250 examinees (Muraki & Bock, 1998) .
To get a description of the student achievement of Grade 1-6 in elementary school, each test set type was tested to all students.Therefore, in every class, each student was tested using one model of the scientific method achievement test in the form of a paper-and-pencil performance test according to Gronlund'sterminology (1998) . Due to the many aspects and sub-aspects of the scientific method, the tests were limited to basic and process skills.
Students in each class were to answer 8 test sets that had been previously prepared. Students who sat side by side were to answer questions with different codes. With regard to this, the results were accountable for the Rasch model. In order to compare the results among students of Grade 1-6, two pairs of the test were provided with an item anchor, for example, code test 1-3 for two options and code test 2-4 for three options. Therefore, a score would be gained within a single measurement scale. The number of the anchorwas 15% of the total items. The item analysis was performed using the Quest Program (Adams & Kho, 1996) to get the results based on the CTT and IRT models.
Since the test was administered simultaneously, different tests were developed in order to prevent the examinees who sat side by side to have the same test. The tests were developed in two different models namely a true-false and multiple choice. The multiple choice test type consisted of test items with two options and those with three options. For the true-false test, there were two models of which the key answers are opposite. If a statement of the true-false test model coded A was declared true, the same statement was changed into a false statement on the test coded B. The test item development considers the aspects of substance, development, and language.
Relevant to the characteristics of natural sciences, each sub-aspect/ indicator of the scientific method can be related to both living and non-living objects. Each test set consisted of 35 items in which 20 items were related to living objects and 15 items were interrelated to non-living objects. The sub-aspects of the scientific method were divided into four sub-aspects, namely subaspects I, II, III, and IV which covered basic and process skills. Some test sets contained sub-aspects I and III, and others contained sub-aspects of II and IV. Groups with sub-aspects I and II were related to living objects, and those with subaspects III and IV were related to non-living objects. They are presented in Table 1 . Moreover, Table 1 presents the result of test analysis using a quest program to get information about test validity and reliability. Test validity is achieved using IRT information in which the test is declared to be "valid" based on classical theory if each item fit the Parameter Logistic (PL) model in IRT. In other words, the test is "valid" based on classical test theory (Wright & Master 1982) . In addition, the table presents the amount of reliability index which is expressed in the form of error of measurement error and internal consistency.
RESULTS AND DISCUSSION
The following is the result of data analysis using the classical theory to determine the item difficulty index on the aspects and sub-aspects of scientific methods based on the testing results on a group of examinees of Grade 1 to 3 and Grade 4 to 6. Based on the CTT theory, the lowest the difficulty index is, the easier the item will be.
Normally, a certain skill is easier for the students of Grade 4 to 6 than for those of Grade 1 to 3. This is because Grade 4 to 6 students have more learning experience and apply more scientific method aspects than Grade 1 to 3 students. Based on the results of analysis using CTT for indicators I-III, observing skill is more difficult for the Grade 4 to 6 students than for Grade 1 to 3 students when being tested using a true-false test type A. In addition, recording data/information and classifying skills are more difficult for the Grade 4 to 6 students than for the Grade 1 to 3 students when being tested using a multiplechoice test with three options. Based on the CTT theory, the higher the difficulty index is, the easier the item will be.
The results of the analysis using the CTT approach for the indicators II-IV presented in Table 3 show that there is only one aspect i.e.
manipulating movement skill, which shows an opposite condition in which it is more difficult for the students of Grade 4 to 6 than for those of Grade 1 to 3 when being tested using a true-false test type A. Based on the IRT theory, the higher the difficulty index is, the more difficult the item will be.
The results of the analysis using IRT for indicators I-III as presented in Table 4 show that some indicators are more difficult for the students of Grade 4 to 6 than for those of Grade 1 to 3 when being tested with multiple-choice tests of two options and multiple-choice tests of three options. Those indicators for multiple-choice tests with two options include following instructions, measuring, and implementing procedures/ techniques/equipment usage skills. Moreover, for multiple-choice tests with three options, the indicators include those 3 aforementioned skills and the skills of classifying and manipulating movement.
2.2
Predicting skills (3 items) Based on the IRT theory, the lowest the difficulty index is, the more difficult the item will be. The results of the analysis using IRT for Table 5 show that some indicators are more difficult for the Grade 4 to 6 students than for the Grade 1 to 3 students when being tested with a multiple-choice test of two options, multiple-choice test of three options, true-false test type A, and true-false test type B. Those indicators include the indicators for multiple-choice tests with two options such as observing, recording data/information, following instructions, and predicting skills; the indicators for multiple-choice tests with three options such as recording data/information, classifying, and selecting procedure skills; the indicators for the true-false test type A such as recording data/information, manipulating movement, implementing procedures/techniques/equipment usage, and selecting procedure skills; and the indicators for the true-false test type B such as observing, recording data/information, implementing procedures/techniques/equipment usage, and selecting procedure skills.
The results show that indicators I-III and II-IV signify a different index of difficulty regarding the student achievement in the scientific method aspects both in basic and process skills when being tested with a different test type. Although the indicator is the same, the difficulty index will be different when being tested with a different test type. In addition, a multiple-choice test with threeoptions is not always more difficult than that with two options. Similarly, a multiplechoice test with threeoptions is not always more difficult than a true-false test type. This implies that designing a test by changing the test types is not reliable. However, further research is needed. Although an IRT is employed, it will not be affected by who the examinee is (Le, 2013) .
The second finding is that the difficulty index for Grade 4 to 6 students becomes higher than that of Grade 1 to 3 students. This indicates that learners who have more learning experiences do not always have better achievement in science process skills. This occurs because the skills of the scientific process as parts of the scientific method are not taught optimally to the students. Some of the supervisors involved in community service activities repeatedly state that the main focus of the teaching is the student achievement in the national examination. Thus, the national examination is regarded as a high-stakes test. When a test is viewed as a high-stakes test, the teachers are possibly focusing on the students' success to deal with it and may lead to teaching for the test. Criticisms about the implementation of the test, both national tests and state tests, addressed to the government are also found in developed countries like the United States (US). Both tests are also considered as a high-risk test. This is due to the many failures experienced by students when taking the national and state test in Elementary and Secondary Education Act program or No Child Left Behind (NCLB) in 2001. Criticisms about these tests are described in the articles written by Garrison (2009) . Almost all states, schools, and teachers focus on pursuing a learner's success in dealing with the state tests. Many praxes of learning focus on the students' better achievement in the test, or it is often called teaching for the test.
The third finding also indicates that the implementation of the 2013 Curriculum does not give an impact on the student achievement in skills, including their achievement in scientific method aspects in the teaching of Natural Science subjects at elementary schools. This is because the teachers, supervisors, and even the Principal of TMU keep focusing on the student achievement in the National Examination even though this examination does not measure the student achievement in skills which are parts of the scientific method aspects. Therefore, it is necessary to conduct research on how the scientific method is actualized in learning Natural Science subjects in elementary schools.
The importance of conducting research on the actualization of scientific learning performed in an inquiry model is based on the literature of science literacy which encourages teachers to employ inquiry as a regular part of teaching practice (e.g., National Science Education Standards, Science for All Americans: Project 2061). Unfortunately, this does not always happen. In summary, the success of those 6 inquiry levels depends on the teacher's ability (Wenning, 2010) . The low capability of teachers in teaching scientific method is due to their low understanding of the Nature of Scientific Inquiry (NOSI). It happens because the teachers do not understand how to do it when they were taking the study. Miller et al. (2010) state that pre-service and in-service training enables teachers to possess informed conceptions about NOSI. With these informed conceptions, teachers may internalize the instructional importance of NOSI which, in turn, may help avoid the lack of attention to NOSI currently evidenced in teachers' instructional decisions. This might result in teachers' orientation shifting towards an explicit inquiry-based approach from that of an implicit science process and discovery approach. In addition, Hairida & Junanto (2018) say that the low science literacy skills of students in Indonesia may be influenced by several factors, such as the instructional model applied by teachers and the teaching materials used by the students. Moreover, Dudu (2014) says that students' scores on sections that address the six aspects of Nature of Science (NOS) were significantly different in most cases, showing notably uninformed views of the distinctions between scientific theories and laws. Evidence-based insight into students' NOS views can aid in reforming undergraduate science courses and will add to faculty and researcher understanding of the impressions of science held by undergraduates, helping educators improve the scientific literacy of future scientists and diverse college graduates. Based on the discussion above, the test results can be used as an input for teachers to improve the quality of learning which focuses on the learning which introduces the components of the scientific method to train the students to find new facts and concepts.
CONCLUSION
The conclusion of this research is that different types of tests show a different index of difficulty when measuring student achievement in scientific method aspects, including basic skills and process skills. In addition, there are some aspects of the scientific method, both basic and process skills, that are even more difficult for Grade 4 to 6 students than for Grade 1 to 3 students. The student achievement based on the scientific method reflected by item difficulty index based on CTT and IRT indicates the same level of category, except for few sub-aspects. The data also show that few items of certain tests indicate higher difficulty for Grade 4 to 6 students than for Grade 1 to 3 students for the same tests. This case is not relevant to the expected learning outcomes. Based on this summary, the actualization of scientific method-based learning in Natural Science subjects in elementary schools should be investigated.
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